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ABSTRACT 

Coffee is one of the most important crops cultivated in the world for use in beverages and confectionaries. 

Embryogenesis is a complex process that begins with a single cell and ends with the formation of mature 

embryos. Somatic embryo development involves accumulation of complex metabolites and storage reserves. 

This present experiment identified and quantified endogenous phytocomponents and amino acids present 

during somatic embryogenesis of ‘Ruiru 11’. Laboratory experiments for this study were set up in the Coffee 

Research Institute, Kenya at Ruiru. Third leaf pair explants were excised from 8-month-old greenhouse-grown 

mother plants sterilized and cultured in half strength Murashige and Skoog basal salts augmented with 

Thidiazuron. Once embryos had developed, the cultures were analysed for phytocomponents using GCMS and 

HPLC. The results showed that palmitoleic and stearic acids were highest (23.3 µg/g and 69.9 µg/g respectively) 

in brown embryogenic cultures. Cis 7,8 epoxy-2-methyl octadecane was highest (253 µg/g) in green 

embryogenic cultures. (Z)-3-Tetradecene was highest (25 µg/g) in brown non-embryogenic cultures. Z, Z-3,13-

Octadecedien-1-ol and (Z)-7-Hexadecenal were highest (32.1 µg/g and 70.2 µg/g respectively) in green 

embryogenic cultures. Alanine content was highest (4.4 µg/g) in embryos of brown cultures. Amino acids, fatty 

acids and their derivatives are potential biomarkers for embryogenesis. Other phytocomponents should be 

identified and their role in coffee somatic embryogenesis determined. Further studies regarding the status of 

the phytocomponents identified in the present study, especially in particular stages of embryo development are 

needed to propose treatments to improve coffee somatic embryo development. 
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1. INTRODUCTION 

Embryogenesis is a spatio-temporally organized developmental process central to the life cycles of diverse plant 

species (Navarro et al., 2017). The most important stage is the maturation phase where a switch from a regional 

and cell-specification programme to a storage accumulation programme occurs (Yadegari and Goldenburg, 

1997). The switch prepares embryos for post-embryonic development involving synthesis and accumulation of 

nutrient reserves, suppression of precocious germination, acquisition of desiccation tolerance and, in some 

species, induction of dormancy (Koorneef and Karseen, 1994). The histo-differentiation of somatic embryos is 

normally associated with changes in synthesis and mobilization of proteins, carbohydrates, and lipids, whose 

levels change along the developmental stages of cultures (Lulsdorf et al., 1992). Coffee is rich in bioactive 

compounds or phytocomponents (Dong et al, 2015). Fatty acids are molecules attached to other compounds 

such as sugars, glycerol or phosphates to form lipids (Karimi et al., 2015) and are associated with many biological 

activities. Hydrocarbons, especially the n-alkanes are highly hydrophobic aliphatic molecules and important 

components of the cuticle where they assist in maintaining plant water balance (Cunha and Fernandes-Ferreira, 

2001). Aldehydes arise from degradation of polyunsaturated fatty acids by autoxidation or action of enzymes 

such as lipoxygenases (Takahashi et al., 2002). Hydrocarbons, aldehydes and alcohols are products of the 

enzymatic breakdown of unsaturated fatty acids (El Hadi et al., 2013). This paper reports results of phyto-

components and amino acids identified and quantified during development of coffee somatic embryos in vitro. 

 

2. MATERIALS AND METHODS 

2.1. Preliminary preparations 

The present experiment was conducted in the laboratories and greenhouses of the Coffee Research Institute at 

Ruiru in Kenya. The site is situated 1.05oS and 36.45oE at an elevation of 1608 m above the sea level and has 

humic nitosol soils (Jaetzold et al., 2007). The Coffea arabica cultivar Ruiru 11 planted at this site was used in the 

experiment. The plants were moved from the fields to laboratories for experimentation and then to greenhouses. 

 

The mother plants for this experiment were obtained from germination of Ruiru 11 seeds. The resulting seedlings 

were transplanted to polybags filled with top soil: sand: manure (3:2:1 v/v) and maintained in the greenhouse 

for about 8 months. Third leaf pair explants were excised from the greenhouse-grown mother plants between 

March and April, 2014. The leaves were washed thoroughly under running tap water followed by water 

containing Teepol detergent and finally sterile distilled water.  

 

The subsequent sterilization steps were done in a laminar flow cabinet. The leaves were dipped quickly for 30 

seconds in 70% alcohol and rinsed 2-3 times in sterile distilled water. The leaves were sterilized further using 

25% sodium hypochlorite for 25 minutes followed by rinsing thoroughly four times in sterile distilled water. The 

culture medium contained half-strength Murashige and Skoog (1962) inorganic basal salts, supplemented with 

0.2 g/L thiamine, 0.1 g/L nicotinic acid, 0.1 g/L pyridoxine, 30 g/L sucrose, 100 mg/L myo-inositol, 100 mg/L 

cysteine, 3 g/L gelrite, and 1 ml/L Thidiazuron. The pH of the medium was adjusted to 5.7 using 1 M NaOH or 1 

M HCl and 3 g/L gelrite added before autoclaving for 15 minutes at 121oC and 100 kPa. Culture medium (25 ml) 

was poured into Magenta boxes (Sigma Chemical Co.) and 5 leaf discs (1 cm2) cultured in each vessel maintained 

in darkness, 25 ± 2oC and 70% relative humidity for about 8 months. A total of 627 culture vessels were prepared, 

of which 183 vessels (29%) were discarded because of fungal contamination. 

 

 

 

2.2. Treatments 

Treatments for this experiment were selected from the remaining 444 clean culture vessels. Culture vessels with 

green and brown leaf discs with and without embryos as shown in Plate 1 were used to characterise amino acids 

and phytocomponents in the leaf discs, embryos and medium. Fresh culture medium and leaf explants excised 

from greenhouse-grown mother plants were used as controls. The experimental layout was completely 

randomized design, with three replications and six culture vessels per treatment. The experiment was repeated 

once. 
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Plate 1: Treatments set up. A: Brown leaf discs with embryos. B: brown leaf discs without embryos. C: 

green leaf discs with embryos. D: Green leaf discs without embryos, E: Fresh leaves (control). F: Fresh 

media (control) 

 

2.3. Extraction, identification and quantification of phytocomponents 

Phytocomponents were extracted as described by Shettima et al. (2013) with modifications. Fifty (50) ml 

methanol was added to the culture vessels containing green and brown leaf discs, with and without embryos 

and immediately deep-frozen overnight at -20°C. The polarity of the samples was increased before partitioning 

against ethyl acetate, and about 1 ml of distilled water which had been adjusted to pH 8 added. The pH of the 

samples was further adjusted to over 9 using 1 M KOH to keep the phytocomponents ionized and then 

partitioned against 100% ethyl acetate. The aqueous and organic phases were separated using a funnel and the 

lower aqueous phase was transferred to a new 10 ml tube. The pH of the solution was lowered to below 3 using 

concentrated acetic acid to conserve the phytocomponents in protonated form. The acidic sample was 

partitioned against 100% ethyl acetate and dried by passing through anhydrous sodium sulphate. The sample 

were spiked with 50 ppm internal standard (Benzophenone) and analyzed with Gas Chromatograph-Mass 

Spectrophotometer (GCMS).  

 

2.4. Extraction, identification and quantification of amino acids 

Amino acids were extracted as described by AOAC (1997). Leaf disc, embryo and medium samples from culture 

vessels with green and brown leaf discs with and without embryos were weighed into screw-cap Pyrex 

borosilicate tubes. About 2 ml of performic acid was added to each sample followed by incubation at 0°C for 16 

hours. About 0.84 g sodium metabisulfite and 3 mL 6N hydrochloric acid were added to each mixture. The tubes 

were thoroughly flushed with nitrogen, quickly capped, and placed in an oven at 110°C for 24 hours. 

Approximately 250 µl of the hydrolysed extracts was evaporated under a stream of nitrogen. The residue extract 

was re-dissolved in 1 ml 0.1 M borate buffer and filtered through 0.2 µM syringe filters and analysed with High 

Performance Liquid Chromatography (HPLC). 

 

2.5. Data collection on phytocomponents 

Identification relied on matching the mass spectrometric fragmentation patterns corresponding to the various 

peaks in the samples total ion chromatogram with those present in the National Institute of Science and 

Technology mass spectral database. Integration was done automatically for the individual peaks. Each sample 

was spiked with 50 ppm internal standard (Benzophenone) and injected into GC-MS (Model QP2010 SE, 

Shimadzu) fitted with DB 5 column. The detector MS and Helium was used as the carrier gas at a flow rate of 1 

ml/min. The phytocomponents were estimated using the following equation:  

 

 

 

A B C 

D E 
F 
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Concentration of analyte (C1) = Peak area of analyte/peak area of internal standard x concentration of internal 

standard.  

Content (µg/g) of the analyte = [C1 x V]/W, Where C1= the concentration (ppm) of the analyte in the test solution, 

V = the volume (mL) of the test solution, and W = the weight (g) of the sample used for preparation of the test 

solution. 

 

2.6. Data collection on amino acids 

Amino acids were analyzed by injecting about 50 µl of the eluate sample into Knauer HPLC system equipped 

with a super Co Discovery C-18 column at a flow rate of 1 ml/minute under ambient temperature. A Knauer 

fluorescent detector was used at excitation wavelength of 350 nm and emission wavelength of 450 nm. Two 

mobile phases were used: Mobile Phase A was 0.01M Na2HPO4 at pH 8.2 prepared by dissolving 1.42 g disodium 

phosphate heptahydrate (Na2HPO4) and 3.81 g sodium borate (Na2B4O7.10 H2O) in 950 ml milliQ reagent grade 

water then adding 32 mg sodium azide (NaN3). The pH was adjusted to 8.2 using 5 N HCl and filled up to 1 litre 

volume. Mobile Phase B was 45 methanol: 45 acetonitrile: 10 water. 

 

Amino acids were identified by comparing the retention time of multi-amino acid standard mixture (99%) (Cat 

No. AAS18, Sigma-Aldrich) with the sample peaks. The concentration was calculated from peak areas using 

calibration equations, namely:  

Concentration of analyte (C1) = Peak area of analyte/slope of the standards’ calibration curve. Content (mg/g) 

of the analyte = [C1 x V x M x 100]/W x 1000, Where C1 = the concentration (pmol/ml) of the analyte in the test 

solution, V = the volume (dilution factor), of the test solution, and W = the weight (mg) of the sample used for 

preparation of the test solution. 

 

2.7. Data analysis 

The SAS 9.2 computer software was used to analyze data by subjecting to analysis of variance using the General 

Linear Model for a completely randomized design (CRD). The linear model fitted to the CRD data was: Yij = μ + 

Ti + εij, Where: μ is grand mean, Ti is ith concentration of the endogenous factor; i = 1, 2, 3...10, 11, 12; j = 1, 2, 

3; and εij is random error component, normally and independently distributed about zero mean with a common 

variance σ2. Differences between treatment means were separated using the LSD test at P = 0.05. 

 

3. RESULTS  

3.1. Evaluation of phytocomponents  

Several phytocomponents were identified and classified as fatty acids, alcohols, aldehydes and hydrocarbons 

(Tables 1 to 5). 

3.1.1. Fatty acids 

Significant (P<0.05) differences in the various fatty acids identified resulted for all the treatments (Table 1). Oleic 

and elaicid acid unsaturated fatty acids were present in most of the treatments. The fresh leaves contained the 

highest (P<0.05) 133.98 µg/g oleic acid, followed by 35.05 µg/g pentadecanoic acid, 195.91 µg/g palmitic acid, 

138.1 µg/g margaric acid, and 75.98 µg/g nonadecyclic acid. Brown leaf discs with embryos had the highest 

(P>0.05) 23.27 µg/g palmitoleic acid and 69.92 µg/g stearic acid, whereas brown leaf discs without embryos had 

the highest 7.04 µg/g lauric acid and 38.62 µg/g caprylic acid. 

 

3.1.2. Hydrocarbons 

There were significant (P<0.05) differences in endogenous hydrocarbons found in the various treatments (Table 

2). Green cultures with embryos had 46 µg/g -[(hexadecyloxy)methyl]-Oxirane, followed by 8 µg/g 1,1,3,3-

tetraethyl-2,1,3-Oxadisilacyclopentane, 2 µg/g -2-Trifluoroacetoxydodecane, 2 µg/g 2-Cyclopropyl 

carbonyloxytetradecane, 253 µg/g Cis 7,8 epoxy-2-methyl octadecane, 13 µg/g 1-sulphonyl chloride 

Octadecane and 43µg/g 11,20-didecyl-Triacontane content. Brown cultures with embryo had 30 µg/g 

Heptadecane content. Green cultures without embryos had the highest 39 µg/g hexadecyl-Oxirane followed by 

4 µg/g 1-chloro-7-Heptadecene content. Brown cultures without embryos had the highest 21 µg/g 1-iodo-

Tridecane, 9 µg/g 1,1-bis(dodecyloxy)-Hexadecane, 8 µg/g 6-methyl-Octadecane, 9 µg/g Hexatriacontane, 25 

µg/g (Z)-3-Tetradecene, 12 µg/g (E)-9-Octadecene and 5 µg/g 1-Docosene content. The 21 µg/g N-



  

1298 

 

Octylidencyclohexane content was not significantly (P>0.05) different in green and brown cultures, although this 

content was different from the other treatments. 
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Table 1: Fatty acids content (µg/g) during development of coffee somatic embryos 

Treatments Palmitoleic 

acid C16:1 

Elaidic Acid 

Trans C18:1 

Oleic acid 

C18:1 

Lauric 

acid 

C12:0 

Caprylic 

acid 

C8:0 

Pentadecanoic  

Acid 

C15:0 

Palmitic 

acid 

C16:0 

Margaric 

acid 

C17:0 

GE 19.0b 1.99d 42.84b 0c 0b 0b 19.95b 43.08b 

BE 23.3a 1.13e 32.32c 0c 0b 0b 17.9c 32.17bc 

GW 0.0d 15.01a 18.68d 3.67b 0b 0b 21.48b 12.12d 

BW 0.0d 11.12b 16.51d 7.04a 38.62a 0b 0d 15.49cd 

CL 0.0d 5.11c 133.98a 0c 0b 35.05a 195.91a 138.1a 

CM 6.7c 0f 15.99d 0c 0b 0b 0d 0d 

CV (%) 7.1 7.9 13.5 3.4 0.8 13 2.4 23.8 

LSD0.05 1.0 0.8 10.5 0.1 0.1 1.4 1.8 17.0 

*Values followed by the same letter within each column are not significantly different according to the LSD test 

at P = 0.05. Key: GE - Green leaf discs with embryos, BE - Brown leaf discs with embryos, GW - Green leaf discs 

without embryo, BW - Brown leaf discs without embryos, CL- Fresh leaves (Control), CM - Fresh media (Control). 

 

Table 2: Hydrocarbon content (µg/g) during development of coffee somatic embryos 
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H
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*Values followed by the same letter within each column are not significantly different according to the LSD test 

at P = 0.05. Key: GE - Green leaf discs with embryos, BE - Brown leaf discs with embryos, GW - Green leaf discs 

without embryo, BW - Brown leaf discs without embryos, CL - Fresh leaves (Control), CM - Fresh media (Control). 

Alkanes: HC1-[(hexadecyloxy)methyl]-Oxirane, HC2-hexadecyl-Oxirane, HC3-1,1,3,3-tetraethyl-2,1,3-

Oxadisilacyclopentane, HC4-n-Octylidencyclohexane, HC5-2-Trifluoroacetoxydodecane, HC6-Dodecane, HC7-

1-iodo-Tridecane, HC8-2-Cyclopropyl carbonyloxytetradecane, HC9-1,1-bis(dodecyloxy)-Hexadecane, HC10-

(8)Heptadecane, HC11-Cis 7,8 epoxy-2-methyl octadecane, HC12-6-methyl-Octadecane, HC13-1- sulphonyl 

chloride Octadecane, HC14-2-methyltetracosane, HC15-Hexatriacontane, HC16-11,20-didecyl-Triacontane, 

HC17-3,5,24-trimethyl-Tetracontane. Alkenes: HC18-(Z)-3-Tetradecene, HC19-8-Heptadecene, HC20-1-chloro-

7-Heptadecene, HC21-(E)-9-Octadecene, HC22-1-Docosene 
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Table 3: Aldehyde content (µg/g) during development of coffee somatic embryos 

Treatments 3,7-dimethyl-7-

Octenal, 

2-

Undecenal 

Dodecanal (E)-2-

Tridecenal, 

Pentadecanal (Z)-7-

Hexadecenal, 

GE 7.4a 51.70a 2.22a 0c 0c 70.19a 

BE 5.71b 8.87b 0.23b 0c 0c 30.86b 

GW 0c 0c 0c 3.93b 21.47a 0d 

BW 0c 0c 0c 4.83a 17.34b 0d 

CL 0c 0c 0c 0c 0c 25.74c 

CM 0c 9.72b 0c 0c 0c 0d 

CV (%) 20.3 6.0 14.9 6.8 7.2 3.3 

LSD0.05 0.8 1.3 0.1 0.2 0.8 1.3 

*Values followed by the same letter within each column are not significantly different according to the LSD 

test at P = 0.05. 

Key: GE - Green leaf discs with embryos, BE - Brown leaf discs with embryos, GW - Green leaf discs without 

embryo, BW - Brown leaf discs without embryos, CL- Fresh leaves (Control), CM - Fresh media (Control). 

 

Table 4: Alcohol content (µg/g) during development of coffee somatic embryos 
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GE 13.2b 33.7b 0.0c 0.0b 10.7a 0.0d 0.0b 5.8a 32.1a 19.1a 

BE 13.9b 9.3d 14.8a 0.0b 0.0b 11.2c 0.0b 0.0b 0.0d 14.8c 

GW 6.9c 9.4d 5.4b 0.0b 0.0b 10.1c 0.0b 0.0b 9.0b 15.6b 

BW 11.7b 24.3c 0.0c 20.3a 0.0b 24.9b 0.0b 0.0b 0.0d 1.4d 

CL 59.7a 84.8a 0.0c 0.0b 0.0b 159.2a 61.6a 0.0b 0.0d 0.0e 

CM 3.2d 0.0e 0.0c 0.0b 0.0b 0d 0.0b 0.0b 3.9c 0.0e 

CV (%) 11.4 6.9 13.6 12.7 3.3 2.7 5.2 0.8 5.8 4.7 

LSD0.05 3.7 3.3 0.8 0.763 0.1 1.7 1.0 1.0 0.8 0.7 

*Values followed by the same letter within each column are not significantly different according to the LSD 

test at P = 0.05. 

Key: GE - Green leaf discs with embryos, BE - Brown leaf discs with embryos, GW - Green leaf discs without 

embryo, BW - Brown leaf discs without embryos, CL - Fresh leaves (Control), CM - Fresh media (Control)  
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3.1.3. Aldehydes 

Several aldehydes were identified and quantified (Table 3) and significant (P<0.05) differences were observed 

among them. Green cultures with embryos had the highest (P<0.05) 7.42 µg/g 3,7-dimethyl-7-Octenal, 51.7 

µg/g 2-Undecenal, 2.22 µg/g Dodecanal, 70.19 µg/g (Z)-7-Hexadecenal, and 31.83 µg/g (Z)-9-Octadecenal. 

Green cultures without embryos had the highest 21.47 µg/g Pentadecanal, whereas brown cultures without 

embryos had the highest 4.83 µg/g (E)-2-Tridecenal.  

 

3.1.4. Alcohols 

Various alcohols were detected during development of the somatic embryos (Table 4). Green cultures with 

embryos had the highest 10.74 µg/g E-E-2-Tetradecen-1-ol, followed by 5.79 µg/g Z, Z-8,10-Hexadecadien-1-

ol, 32.06 µg/g Z,Z-3,13-Octadecedien-1-ol and 19.1 µg/g 12-Methyl-E,E-2,13-octadecadien-1-ol. Brown cultures 

with embryos had the highest 14.79 µg/g 1-Dodecanol, whereas brown cultures without embryos had the 

highest 20.25 µg/g Z-2-Tridecen-1-ol. Fresh leaves had the highest 59.74 µg/g 2-butyl-1-Octanol, followed by 

84.77 µg/g 2-ethyl-1-Decanol, 159.24 µg/g 1-Hexadecanol and 61.62 µg/g 3,7,11,15-Tetramethyl-2-hexadecen-

1-ol. 

 

3.2. Other phytocomponents 

The other compounds detected during the development of coffee somatic embryos are shown in Table 5. 

Compounds belonging to the ester group included: 2-Bromopropionic acid, pentadecyl ester. This compound 

was highest (22.7 µg/g) in green cultures with embryos. The 3-chloropropionic acid, heptadecyl ester was 

detected in green cultures with embryos, whereas 3-chloropropionic acid, tetradecyl ester was found in brown 

cultures without embryos. Disparlure, whose immediate direct precursor is an alkene, was detected in brown 

cultures without embryos. An organic compound 5-hydroxymethylfurural, which is formed through dehydration 

of sugars, and a steroid derivative ethyl iso-allocholate were detected in brown cultures with embryos. 

 

Table 5: Concentration of other phytocomponents (µg/g) present during development of coffee 

somatic embryos 

Treatments Ester 1 Ester 2 Ester 3 ketone Steroid 

derivative 

Organic 

compound 

Disparlure 

GE 22.7a 16.0a 0.0c 27.2b 0.0b 0.0b 0.0b 

BE 12.0b 0.0b 0.0c 34.8a 23.6a 12.1a 0.0b 

GW 0.0c 0.0b 0.0c 1.5d 0.0b 0.0b 0.0b 

BW 0.0c 0.0b 5.5b 9.4c 0.0b 0.0b 17.0a 

CL 0.0c 0.0b 0.0c 0.0d 0.0b 0.0b 0.0b 

CM 0.0c 0.0b 7.9a 0.0d 0.0b 0.0b 0.0b 

CV (%) 3 3.3 5.6 21.7 6.2 23.7 0.4 

LSD0.05 0.3 0.1 0.2 4.7 0.4 0.8 0.02 

*Values followed by the same letter within a column are not significantly different as per the LSD test at P = 

0.05. 

Key: GE - Green leaf discs with embryos, BE - Brown leaf discs with embryos, GW - Green leaf discs without 

embryo, BW - Brown leaf discs without embryos, CL- Fresh leaves (Control), CM - Fresh media (Control). Ester 

1-2-Bromopropionic acid, pentadecyl ester, Ester 2-3-Chloropropionic acid, heptadecyl ester, Ester 3-3-

Chloropropionic acid, tetradecyl ester, Ketone- 9,9-Dimethoxybicyclo[3.3.1]nona-2,4-dione, Steroid derivative -

Ethyl iso-allocholate, Organic compound -5-Hydroxymethylfurfural 

 

 

 

3.3. Evaluation of amino acids 

Out of the 20 common amino acids, 13 were identified in leaf discs and embryos of coffee. There were significant 

(P<0.05) differences in the endogenous amino acid identified in leaf disc and somatic embryo samples (Table 

6). The highest were 1.89 µg/g alanine and 1.55 µg/g arginine in green leaf discs with embryos, although not 
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significantly different from those in brown leaf discs with embryos, but these contents were significantly (P<0.05) 

different from the other treatments. With aspartic acid, glutamic acid, phenylalanine, serine and threonine, there 

were no significant (P>0.05) differences among green leaf discs with embryos and brown leaf discs with and 

without embryos.  

 

Brown leaf discs with embryos had significantly (P<0.05) the highest 2.52 µg/g glycine, followed by 1.36 µg/g 

isoleucine, 0.93 µg/g leucine, 2.01 µg/g methionine and 0.93 µg/g valine. Lysine was highest (P<0.05) in both 

brown leaf discs with (1.82 µg/g) and without (1.40 µg/g) embryos. Embryos developed from brown leaf discs 

had significantly (P<0.05) the highest content of all the 13 amino acids identified. 

 

4. DISCUSSION 

4.1. Phytocomponents 

Both saturated fatty acids (SFA) and unsaturated fatty acids (UFA) accounted for the highest quantities of 

phytocomponents detected in green and brown leaf disc cultures with and without embryos. Fatty acids are 

used in formation of new membranes during rapid growth of embryos and are assembled into triacylglycerols 

that are specifically synthesized during embryo development and used as energy sources during germination 

(Wurtele and Nikolau, 1992).  
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Table 6: Identification and quantification of amino acids (µg/g) present during development of coffee 

somatic embryos in vitro. 

 Ala Arg  Asp Glu  Gly  Ile  leu Lys  Met Phe  Ser  Thr  Val  

Leaves 

GE 1.89a 1.45a 2.11a 0.53a 1.24b 0.88b 0.74b 1.30b 1.11b 0.78a 0.63a 0.30ab 0.32b 

BE 1.65a 1.55a 1.56ab 0.636a 2.52a 1.36a 0.93a 1.82a 2.01a 0.80a 0.64a 0.37a 0.93a 

GW 0.65c 0.54b 1.07bc 0.24b 0.74c 0.33c 0.24c 0.39c 0.70c 0.34b 0.39b 0.22bc 0.35b 

BW 1.13b 0.8b 2.06a 0.73a 1.43b 0.77b 0.35c 1.40ab 0.65c 0.82a 0.54a 0.35a 0.37b 

CL 0.29d 0.18c 0.53c 0.26b 0.51c 0.13c 0.22c 0.36c 0.52c 0.24b 0.16c 0.16c 0.06c 

CV 

(%) 

16.8 21.0 21.4 25.5 18.0 19.1 19.5 26.8 20.4 15.6 11.3 17.4 29.8 

LSD0.05 0.3 0.3 0.6 0.2 0.4 0.2 0.2 0.5 0.4 0.2 0.1 0.1 0.2 

Embryos  

GE 1.37b 0.96b 2b 0.79b 1.3b 0.78b 0.56b 1.28b 0.78b 0.88b 0.73b 0.30b 0.37b 

BE 4.41a 3.18a 4.4a 2.2a 3.14a 2.68a 2.58a 4.29a 2.13a 3.73a 1.63a 0.68a 1.94a 

GW 0.00c 0.00c 0.00c 0.00c 0.00c 0.00c 0.00c 0.00c 0.00c 0.00c 0.00c 0.00c 0.00c 

BW 0.00c 0.00c 0.00c 0.00c 0.00c 0.00c 0.00c 0.00c 0.00c 0.00c 0.00c 0.00c 0.00c 

CL 0.00c 0.00c 0.00c 0.00c 0.00c 0.00c 0.00c 0.00c 0.00c 0.00c 0.00c 0.00c 0.00c 

CV 

(%) 

13.6 16.1 2.9 11.1 7.4 13.9 20.4 29.8 3.9 7.3 14.1 28.1 11.7 

LSD0.05 0.3 0.2 0.1 0.1 0.1 0.2 0.2 0.6 0.04 0.1 0.1 0.1 0.1 

*Values followed by the same letter within each column are not significantly different according to the LSD test 

at P = 0.05 

Key: GE - Green leaf discs with embryos, BE - Brown leaf discs with embryos, GW - Green leaf discs without 

embryo, BW - Brown leaf discs without embryos, CL- Fresh leaves (Control), CM - Fresh media (Control). 

Amino acids: Ala- Alanine, Arg- Arginine, Asp- Aspartic acid, Glu- Glutamic acid, Gly- Glycine, Ile- Isoleucine, 

Lys- Lysine, Met- Methionine, Phe- Phenylalanine, Ser- Serine, Thr- Threonine, Val- Valine 
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Storage lipids accumulate primarily during the maturation phase of embryo development. Fatty acids C16:1, 

C18:1, Trans C18:1, C16:0, C17:0 and C18:0 were obtained in embryogenic cultures. Similarly, Aly et al., (2008) 

reported that somatic embryos of jojoba contained C16:0, C18:0, 18:1, 18:2 and 18:3, indicating that these fatty 

acids stimulated somatic embryogenesis.  

 

Oxygen esters of fatty alcohols and fatty acids are main components of biological systems. These components 

are found on the surface of plants and animals and protect against desiccation, wetting, and pathogen attack. 

Negi et al., (2005) reported that unsaturated fatty acids are essential in producing an active compound that acts 

as an auxin-like plant growth promoter when linked to an aromatic molecular base like napthtophenone, 

indicating the important role that the unsaturated fatty acids play in biochemical mechanisms in plants. This 

may be the reason why unsaturated fatty acids were detected during development of coffee somatic embryos. 

Higher quantities of fatty acids may have resulted from cell membrane degradation. Aly et al., (2008) reported 

that the presence of fatty acids in leaf-derived jojoba somatic embryos and leaves demonstrates that synthesis 

of fatty acids is developmentally regulated and that in vitro induction of linoleic acid (C18:2) and linolenic acid 

(C18:3) fatty acids had taken place. Carrier et al., (1997) reported that, most abundant fatty acid in white spruce 

somatic embryos was linoleic acid (18:2) followed by oleic acid (18:1) and linolenic acid (C18:3), meaning somatic 

embryos contained greater levels of UFA. 

 

Alkanes are widely distributed in the plant kingdom although their physiological role is not well understood. 

Cunha and Fernandes-Ferreira (2001) suggested that the n-alkane variation can be in time, where there is a 

decline during cellular multiplication and growth; and in space, where carbon mobilization from embryogenic 

callus is related to somatic embryo differentiation. Lamarque et al., (1998) indicated that the n-alkanes in seed 

oil and internal hydrocarbons may play a role in maintaining inner cell structure and act as energy storage 

components. Cunha and Fernandes-Ferreira (2001) postulated the role for short-chain n-alkanes, as translocable 

reduced carbon reserves in initial process of embryo germination from somatic tissues.  

 

Fatty acids and/or their derivatives seem to be closely related to the direct precursor for hydrocarbons produced 

in plants (Kaneda, 1969). Plant species, age and tissue type determine the nature of fatty acids found, and 

accumulation of these fatty acids is due to their important role as photosynthesis intermediaries (Ahmad et al., 

2014). In the present study, majority of the aldehydes detected probably arose from degradation of 

polyunsaturated fatty acids either by autoxidation or action of enzymes such as lipoxygenases (Takahashi et al., 

2002). Plant volatiles are derived by oxidative cleavage and decarboxylation of fatty acids, resulting in production 

of short-chain volatiles with aldehyde and ketone moieties. These compounds originate from C18 unsaturated 

fatty acids (linoleic or linolenic), which enter the “lipoxygenase pathway” ((Fu et al., 2015). Lipid peroxidation 

occurs in response to oxidative stress, and diverse aldehydes are formed when lipid hydroperoxides break down 

in biological systems. Some of these aldehydes are highly reactive and may be considered as second toxic 

messengers that disseminate and augment initial free radical events (Eldin and Ibrahim, 2015).  

 

Both green and brown embryogenic cultures generally released more and higher quantities of volatile 

compounds as compared to non-embryogenic cultures. As postulated by Alonzo et al., (2001) embryogenic 

competence appeared to be related to biochemical activity, including synthesis of volatile compounds. 

Embryogenic competence appeared to be related to the synthesis of phytocomponents. However, uncertainty 

remains whether the differences observed were due to differential biochemical maturation of the not fully 

organized cellular tissues.  

 

4.2. Amino acids 

Amino acids are considered important regulators of morphogenesis in several plant species. In the present study, 

endogenous amino acids varied during somatic embryogenesis. Embryos formed in brown leaf discs had higher 

amino acids than those formed in green leaf discs. In descending order, alanine, aspartic acid, lysine, 

phenylalanine, arginine and glycine were the major amino acids in the embryos and accounted for 64.4% and 

62.6% for the green and brown leaf discs, respectively. The high amino acid content may be due to high synthesis 

http://link.springer.com/article/10.1007/s11240-008-9348-2#CR16
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required for cell differentiation leading to plant regeneration. When compared with the other amino acids, 

alanine composition was highest in embryos formed from brown leaf discs. Saranga et al., (1992) also reported 

highest alanine content in celery somatic embryos. Salonen (1980) reported that alanine has been found to 

stimulate cell growth greatly in several other plant species.  

 

Sen et al (2002) reported that during embryogenesis of Vigna mungo (L.), amino acids such as phenylalanine, 

lysine, arginine, aspartic acid and serine were present in higher levels compared to the other amino acids in 

regenerated plantlets. Accumulation of amino acids has been reported during the induction phase, which has 

been suggested to be due to enhanced biosynthesis rather than reduced catabolism (Sen et al., 2002). 

Endogenous glutamine and arginine were associated with early development of white pine (Pinus strobes) 

zygotic embryos (Feirer, 1995), indicating their importance in tissue proliferation and growth. Arginine is an 

important precursor of polyamine biosynthesis via the arginine decarboxylase pathway (Minocha et al., 2004). 

The high lysine found in the present study may have encouraged plantlet regeneration via embryogenesis.  

 

Aspartic acid was highest in embryos formed in green and brown leaf discs and this accumulation as storage 

protein could be due to higher proportion of nitrogen in its molecule (Payne, 1986). The acid-hydrolysis used 

for the determination of the amino acid composition of coffee embryos did not allow differentiation between 

asparagine and glutamine amino acids and their acidic forms. This challenge has also been reported for coffee 

seeds (Shimizu and Mazzafera, 2000) and celery somatic embryos (Saranga et al., 1992). In the present study, 

high levels of glycine were present in embryos particularly those formed in brown leaf discs. This result was 

attributed to the fact that this amino acid is an essential precursor for the synthesis of proteins and nucleic acids. 

Ornithine was not detected in this study, because it may have been converted into arginine as in the case of 

Acca sellowiana (Cangahuala-Inocente et al., 2014). 

 

CONCLUSION AND RECOMMENDATIONS 

Several phyto-components and amino acids were identified during development of coffee somatic embryos. 

Fatty acids, alcohols, aldehydes and hydrocarbons were identified in in vitro cultures of coffee. Embryogenic 

cultures generally released more and higher quantities of phyto-components as compared to non-embryogenic 

cultures. Endogenous amino acid content was highest in brown embryogenic cultures. Embryogenic 

competence in coffee appeared to be related to the synthesis of phyto-components and amino acids. Further 

studies on the phyto-components can be useful in biochemical, genetic and breeding research in coffee.  
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